v" Energy expenditure, nitrogen excretion, and serum protein levels were studied from the time of hospital admission until 2 weeks after severe head injury in eight adolescents and four children with peak 24-hour Glasgow Coma Scale scores ranging from 3 to 8. The mean measured energy expenditure (MEE) was 1.3 times Harris and Benedict's predicted value for energy expenditure. Seventy percent of the patients achieved caloric balance (MEE • 1.2) by 4 to 14 days after injury, but balance was not consistently maintained. Five of the 12 patients had intermittent diarrhea, and two had increased gastric residuals. In five patients fluid restrictions were imposed due to either the syndrome of inappropriate secretion of antidiuretic hormone, pulmonary complications, or intracranial pressure complications. For the adolescents (aged 11 to 17 years) the mean calorie intake during the 1st week was 752 kcal/day and for the children (aged 2 to 5 years) it was 340 kcal/ day. During the 2nd week the mean calorie intake for the adolescents was 1671 kcal/day and for the children was 691 kcal/day. Mean urinary nitrogen excretion was 307 mg/kg/day for the adolescents and 160 mg/kg/ day for the children. The calculated mean nitrogen balance fbr the eight adolescents and the four younger children was -13.6 and -4.1, respectively. Mean albumin levels decreased from 2.9 gm/dl during the 1 st week to 2.4 gm/dl during the 2nd week (normal 3.5 to 5.0 gm/dl). Mean total protein level during the 1st week was 5.4 gm/dl and increased to a mean of 6.0 gm/dl during the 2nd week (normal 6.0 to 7.8 gm/dl). Weight loss ranged from 2 to 26 lb during the 2-week period. From these studies it can be concluded that head injury in the child and adolescent induces a metabolic response that includes increased energy expenditure and decreased serum albumin levels similar to those observed for head-injured adults. Mean nitrogen excretion values are less than those in adults with a severe head injury.
L
ITTLE is known about the metabolic response of nutritional needs of the adolescent or child with severe head trauma. In contrast, the metabolic response and the nutritional requirements of the headinjured adult have been fairly well documented. 7'~9'2~ Adult patients display increased oxygen consumption, increased urinary nitrogen excretion, and rapid weight loss. The purpose of this study was to examine whether children with head injury have metabolic responses similar to those of adults and to attempt to determine their nutritional requirements.
Clinical Material and Methods

Patient Population and Treatment
Eight adolescents (aged 11 to 17 years) and four children (aged 2 to 5 years) with severe head injury were studied over a 2-week period following hospital admission. There were nine boys and three girls. The mean age of the 12 patients was 10.2 years, with a range of 2 to 17 years. The peak 24-hour Glasgow Coma Scale 2~ scores at the time of admission ranged from 3 to 8. In all cases the major injury was to the brain. Eleven patients sustained closed head injuries and one suffered a gunshot wound to the head (Table 1) . Three required craniotomy and seven had multiple injuries of lesser severity including fractures of the facial bones, long bones, clavicle, and pelvis. Intracranial pressure (ICP) greater than 20 mm Hg was observed in six patients and was treated promptly with hyperventilation, pancuronium bromide (Pavulon), drainage of cerebrospinal fluid, mannitol, and/or barbituates (Table  1) . Mechanical ventilation was initiated in the emergency room for all of the patients and was continued for 5 to 18 days. No patient received steroids, and only patients who developed clinically active seizure activity wrist fracture, rt tibia-fibula fracture, femur fractures CHI, pelvic rami fractures, nondisplaced olecranon fracture, pulmonary contusion nondecompressed skull fracture, rt parietal hematoma gunshot wound to head, postop occipital epidural hematoma CHI, It metacarpel fracture, It femoral fracture CHI, intracranial hemorrhage * GCS = Glasgow Coma Scale score: NA = not applicable; CHI = closed head injury. Intracranial pressure was higher than 20 mm Hg in six patients and was treated by pentobarbital therapy (Cases 2 and 12), Pavulon (Cases 1, 2.6, 10, and 12), and/or craniotomy (Cases 1, 3, and I0).
were given phenytoin. Pavulon was administered to four patients to increase the effectiveness of hyperventilation and thereby reduce ICP. Antibiotics were also given as needed to combat infection. In four instances, pentobarbital was given when all other measures failed to keep ICP at less than 20 mm Hg. Aspirin or acetaminophen was given to control elevated temperature.
Regimen ,for Nutritional Supplementation
Total parenteral nutrition (TPN) or enteral nutrition (EN) was initiated by the physician in charge, Seven patients were started on TPN on Days 2 to 6 and five patients were started on EN on Days 3 to 12.
Assessment of Re~7)onse to Nutritional Supplementation
The Harris-Benedict equation 1~ was used to calculate the predicted energy expenditure (PEE) of the adolescent patients (aged 1 1 to 17 years), as follows: for males, PEE = 66 + 13.7(weight) + 5(height) -6.9(age); and for females, PEE = 655 + 9.6(weight) + 1.7(height) -4.7(age). Since the Harris-Benedict equation was originally developed for the normal adult population, the adolescents' calculated PEE values were compared to Talbot's 24 tables of standard basal metabolic rate for individuals weighing 3 to 84 kg and to their measured energy expenditure (MEE) ( Table 2) .
Indirect Calorimetry
Indirect calorimetry, which measures oxygen consumption and carbon dioxide production, was performed with the Sensor Medics cart.* Oxygen consumption and carbon dioxide production were used to calculate MEE.
A continuous measurement of fractional oxygen (FiO2) was obtained from all ventilated patients by *Calorimetry cart manufactured by Sensor Medics, Anaheim, California.
interfacing a blender between the air source and the ventilator. There were no fluctuations in FiO2 greater than 0.2%. 5 A mask system was used to obtain measurements in spontaneously breathing patients. Gas leaks were continuously tested for and corrected. 1.0411 3 * The measured energy expenditure (MEE) was compared to the predicted energy expenditure (PEE) to obtain the predicted metabolic rate. Symbols: t = posturing (decerebration and/or decortication); { = agitated. w = Pavulon administration; II = pentobarbital administration.
Measured Energy Expenditure
The MEE for the adolescents was determined over a 10-to 30-minute period. The patients were evaluated in a recumbent position and in a lighted intensive care unit. At the time of testing all patients were supine and relatively immobile. From 15 minutes before testing to the end of the testing period, no suctioning was performed and the patients were not moved or stimulated. Temperature, heart rate, blood pressure, respiratory rate, and any decerebrate and decorticate posturing were recorded during each measurement period. The MEE was compared to the PEE to evaluate the effect of the critical care therapy and head injury on predicted metabolic rate (Table 3) . It was not possible to perform indirect calorimetry on the four youngest children (aged 2 to 5 years) weighing less than 20 kg. However, resting energy expenditures were taken from Talbot's tables and used as the MEE.
Caloric Balance
Daily calorie and protein intake was carefully recorded. To determine caloric balance, the caloric intake was compared to the value determined by multiplying the MEE by 1.2 (caloric balance = nonprotein calories received -(MEE • 1.2)).
Nitrogen Balance
Nitrogen balance was determined every 3rd day postinjury. Urine was collected over a 24-hour period and was analyzed for urinary urea nitrogen (UUN). Nitrogen balance was then calculated using the following formulas: nitrogen in (gin/day) = protein (gm)/6.25; and nitrogen out (gin/day) --UUN (gin/day) + insensible losses (3 to 4 gm). A value of 4 gm was used for insensible losses in the adolescents. However, no value for insensible losses has been determined for younger children. Therefore, 3 gm was used as an estimation. Patients were also assessed for abnormalities in urine output, and UUN values were corrected accordingly.
Transport Proteins
Visceral protein levels were also measured every 3rd day. Total protein, albumin, retinol-binding protein, and prealbumin levels were determined and used as indirect measures of protein turnover. Calorie and protein intake was compared to serum protein levels to determine their effects on serum protein levels. Albumin has a half-life of 21 days. Retinol-binding protein and prealbumin have half-lives of 12 hours and 2 days, respectively, and are more sensitive to acute changes in calorie and protein intake. ~
Body Weight
Body weight was measured every 3rd day by means of a portable bed scale with the patient in a recumbent position. Patients were considered euvolemic during measurement periods.
Results
Twenty-one metabolic tests were performed on nine of the 12 patients during the first 2 weeks after injury. The MEE was greater than the PEE in all but two instances (mean MEE/PEE = 1.3) ( Table 3 ). The MEE/ PEE ranged from 0.94 to 1.76, with the lower value obtained from a 14-year-old patient who improved within 7 days and was able to take nutrients orally and the higher value obtained from a patient whose MEE was determined during periods of decerebrate and/or decorticate posturing.
Seventy percent of the patients achieved caloric balance (MEE x 1.2) by 4 to 14 days after injury, but balance was not consistently maintained. Five of the 12 patients had intermittent diarrhea, and two had increased gastric residuals. In five cases fluid intake was restricted due to either the syndrome of inappropriate secretion of antidiuretic hormone (SIADH), pulmonary complications, or ICP complications. Caloric intake during the 2-week period ranged from 72 to 2874 nonprotein kcal/day for the adolescents and from 81 to 1560 nonprotein kcal/day for the children. During the 1st week, the mean caloric intake for the adolescents was 752 kcal/day and for the children was 340 kcal/ day. The mean caloric intake during the 2nd week was 1671 kcal/day for the adolescents and 691 kcal/day for the children.
The mean urinary nitrogen excretion was 307 mg/ kg/day for the adolescents and 160 mg/kg/day for the children; the mean nitrogen excretion for the entire group was 237 mg/kg/day. Nitrogen excretion also varied from 160 to 490 mg/kg/day for the 16-and 17-year- old patients, 95 to 460 mg/kg/day for the 14-year-old patients, 170 mg/kg/day for the 13-year-old patient, 200 to 600 mg/kg/day for the 11-year-old patients, and 125 to 289 mg/kg/day for the children between 2 and 5 years of age. Nitrogen balance during the 2-week period remained negative. The calculated mean values for the eight adolescents and four younger children were -13.6 and -4.1, respectively.
Mean albumin levels decreased from 2.9 gm/dl during the 1st week to 2.4 gm/dl during the 2nd week (normal 3.5 to 5.0 gm/dl) ( Fig. 1 lr Mean total protein level during the 1st week was 5.4 gm/dl and increased to a mean of 6.0 gm/dl during the 2nd week (normal 6.0 to 7.8 gm/dl) (Fig. 1 right) . Retinol-binding protein and thyroxine-binding prealbumin increased slightly with time.
Weight loss ranged from 2 to 26 lb. Loss of weight occurred during the 2-week period at a rate of 4% for the younger children and 9% for the adolescents.
Discussion
The metabolic response to head injury in children and adolescents as determined from this small series of patients is characterized by an increase in MEE values compared to the corresponding PEE values (especially during periods of agitation and/or posturing), by a large variation in metabolic rate, and by an increase in urinary nitrogen excretion above the normal values for the patients' age, No previous studies in children or adolescents have addressed this finding: however, in 107 consecutive measurements performed on nonsteroid-treated adult head-injured patients, MEE was consistently greater than PEE. -~s Clifton, et al., ~ found that the MEE was elevated 138% _+ 37% (mean + standard deviation) of the expected values for nonsedated steroid-treated head-injured patients. Robertson. et aL, 2~ found the MEE of brain-injured patients to be increased 152% over that expected for normal individuals of the same age, sex, and body size.
The nutritional requirements of a child or adolescent are different from those of an adult. Although growth and development are usually not considered during a short illness, such factors must be taken into account if long-term nutritional support is being provided.~S The younger the child, the greater the caloric requirements and protein needs per kilogram of body weight. Vitamin and mineral requirements also differ.
To fulfill the metabolic needs of the hospitalized child, caloric requirements (measured in kilocalories per kilogram) have also been developed and modified by various investigators. 12,j4'j~'z4,26 Mean values for height, weight, and recommended energy intake are recorded in the recommended dietary allowance tables developed by the Food and Nutrition Board. 9 From data accumulated over a 15-year period, Talbot 24 has developed values for basal metabolic rate measurements of 2200 persons ranging in weight from 3 to 84 kg. Holliday ~2 formulated maintenance or hospital energy requirements for individuals weighing 3 to 70 kg. Also, guidelines for assessing caloric and protein needs for the child requiring parenteral nutrition have been developed by the University of Michigan. > Percentage increases must be added to these caloric needs to provide for stress and for head trauma. An actual stress factor has not been determined for the head-injured child: we have found it to be approximately 1.3 times the PEE, although there is a large variation.
As with caloric requirements, protein requirements for children and adolescents differ from those of adults. The younger the child, the higher the protein requirement. Children 1 to 5 years old normally require 1.5 to 3.0 gm protein/kg body weight, whereas normal adolescents will require approximately I gm/kg and normal adults require approximately 0.8 gm/kg. ~4t6"~8"2~ Additional increases are needed for each group to compensate tbr the effects of stress. For example, Alexander, et al.,~ reported that burned children given approximately 4.9 gm protein/kg body weight exhibited: better opsonic indexes; higher complement 3, serum protein, and transferrin; fewer bacteremic days; and better rates of survival than the prospectively matched patients fed 3.8 gm/kg. The children and adolescents in our study had to be fed protein in greater than normal amounts in order to achieve nitrogen balance. However, since utilization of the nitrogen is not a determination of nitrogen balance, replacing the nitrogen lost with sufficient protein may not necessarily have a beneficial effect on protein synthesis. Wolfe, et aL, 27 studied the effects of two levels of protein intake on protein metabolism in six severely burned adult patients who had sustained a burn over 70% of their body surface. Although the protein intake was increased to 2.2 gm/kg/day, no beneficial effect on protein synthesis could be demonstrated, even though the rates of both protein synthesis and catabolism were stimulated.
Increased nitrogen excretion has been well documented in the adult with head trauma. Young, et al., 28 found nitrogen excretion levels to be elevated to a mean of 0.33 gm/kg (normal 0.085 gm/kg ~5) in nonsteroidtreated adults during a 22-day observation period. Robertson, et al., ~8 studied 20 head-injured patients alternately assigned to receive either methylprednisolone for 14 days or no steroid treatment and showed that nitrogen excretion increased in both groups, especially after nutrition was initiated; nitrogen excretion started decreasing after 3 weeks.
There are very few data on nitrogen excretion values of normal or traumatized children. Ziegler, et al., 29 conducted a total of 1148 nitrogen balance studies in normal children (100 boys and 23 girls) using the Kjeldahl method. Values were obtained over a period ranging from 72 hours for the youngest children to 120 hours for the older children. The children were fed mixed customary diets supplying between 8.9% and 21.4% of calories from protein. These investigators found mean total urinary nitrogen excretion to be 364 mg/kg/day for 12-to 18-month-old children, 390 mg/ kg/day for 18-to 36-month-old children, 374 mg/kg/ day for 3-to 6-year-old children, and 339 mg/kg/day for 6-to 1 l-year-old children. Andrassy and Dubois ~ studied six steroid-treated children with multiple trauma including head injuries and six nonsteroid-treated children with multiple trauma but without head injury. Mean total urinary nitrogen excretion for the two groups was 262 and 60 mg/kg/day, respectively. Ford, et al., ~~ prospectively studied 19 children (aged 4 to 14 years) suffering from a head injury; 10 received steroids and nine did not. The steroid-treated group showed a significantly higher total urinary nitrogen excretion (mean 286 mg/kg/day) than was found in the nonsteroidtreated group (mean 149 mg/kg/day) (p < 0.01).
In our study, the mean urinary nitrogen excretion value (237 mg/kg/day) for nonsteroid-treated children with a head injury was lower than that reported by Ziegler, et al., 29 for normal children. Our value was higher than that of the nonsteroid-treated children with R. Phillips, et al.
multiple trauma and without head injury treated by Andrassy and Dubois, 2 but was not as high as the value in the steroid-treated groups with head injury in the studies by Ford, et al., ~~ and by Andrassy and Dubois. Our mean nitrogen excretion value was also greater than the value reported by Long, et al., ~6 for the normal adult. Mean nitrogen excretion (160 mg/kg/day) for the children between 2 and 5 years of age was much lower than in the adolescent or the adult with a head injury. True comparisons are difficult to make, however, because of differences in age, severity of injury, and treatment modalities.
Albumin, total protein, prealbumin, and retinolbinding protein levels in serum have previously been shown to decrease in response to injury, inflammation, and bacterial infections. 8 Transient decreases have been observed in burn patients, head-injured adults, and postoperative patients. 4'7' 2s In our study of head-injured children and adults, serum albumin levels also decreased during the 2-week period following injury. However, total protein levels decreased during the first 3 days and increased steadily from Day 4 to Day 14. Interleukin-1, fluid status, blood loss, redistribution of proteins, wound losses, change in posture, and malnutrition may contribute to these decreases. Bauer, et al., 3 reported that interleukin-1, an intermediary in the acute-phase response in hepatic studies, decreased albumin synthesis in vitro. Young, et al., 28 found that serum albumin levels dropped to the same degree in patients who either did or did not achieve nitrogen balance, and that serum retinol-binding protein levels increased over time with increased calorie and protein supplementation. Additionally, Sherry, et aL, 21 found that prealbumin and retinol-binding protein rose within 72 hours after resumption of feeding with adequate intake. Albumin and transferrin concentration did not change, however. Starker, et al., 22 observed that a positive nitrogen balance is not always associated with increases in serum albumin and suggested that changes in body water compartments cause serum albumin depression in critically ill patients. Tuten, et aL, 2~ studied 16 patients following 7 days of metabolic/nutritional support and reported a significant increase in serum prealbumin levels in the presence of a positive nitrogen balance. Our pediatric patients showed a trend toward increasing levels of prealbumin and retinolbinding protein which did not correlate with a positive nitrogen balance, since all of them had a negative balance, during the 2-week period.
Weight loss is a major concern in hospitalized patients. During a 2-week period the children and adolescents lost weight at a 4% and 9% rate, respectively. Weight loss has been correlated with increased morbidity and mortality, and a 1% to 2% weight loss in a week is significant. 6' 23 From these studies we can conclude that head injury in the child and adolescent induces a metabolic response that includes increased energy expenditure and a decreased serum albumin level similar to that observed for head-injured adults. Nitrogen excretion values are tess than those in the adult with a severe head injury but higher than normal adult values. Further studies are now in progress to determine which nutritional regimens strongly promote long-term growth and development in this group of patients.
